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Sosszer. 1. A RAY 
faid to be reflected, when having paſſed A 
through one medium and fallen on the . 1 
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WHP of another, it docs. not enter this 1 
medium, but is turn ied back i into the 

former. N „ 

e 1 1 5 2᷑. A ray | 
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Fig. 1& 


39: 
a. A ray AB is faid to be refracted 


when having paſſed through one medium 


and fallen obliquely on the ſurface of a 
ſecond, it proceeds through this medium, 
not in its former direction, but in one 
more or leſs oblique to the refracting 
ſurface than the former, according as the 


ſecond medium is rarer or denſer than the 


mm 


3. The angle of ; — Is that which 
the incident ray A B makes with B C, 
the perpendicular to the ſurface, raiſed 
from the point of incidence B. 


4. The angles 27 reflexion CB F, po 
refraction O BF, are thoſe made by the 
reflected or refracted rays reſ 5 
with the perpendicular, . | 


5. The refratled 4211 F B 51 18 ha | | | 
contained by the refracted ray B * with 7 
the incident ray produced B L; or its ED, 
ef TBE - 4 
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incidence be varied S, upon a given 
refracting medium. —This i is proved in 
fluids by the following experiment, 5 


; \ 
x + * vw : * 
* 
x ? S $44 © b ” 
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"7% the ſide of a firong b beam accurate=. 
ly planed, erect, at the, diſtance, of eight 
or ten feet from each other two Plates, 
exaQtly perpendicular to the beam: Ad- 
joining to one of the plates, which! is Perg, 
forated, place a priſmatic glaſs veſſel fill- 
ed with water, which mall reſt on the 
plate when the beam is "inclined. On 
the oppofite plate mark that point which, N 
is at the ſame diſtances from the upper 
ſurface and ſides. of the beam, as. the 
ſmall hole in the perforated plate in F 


N 
o 144 ” * 
t 


The. As each homogeneous ray has a degree. of e: 
gibility different from the reſt, it is plain that” where : 
A the incidence of them all 1s the ſame (i. e. When g 3 
A 5 | ſolar ray is incident on 'a rcfragting Turſice) the e 
5 gles of refraction ſhall be different, and therefore a 7 


Br ſeparation of the rays muſt enſue in A ſingle kee. 


Fe cline 
3 a W | 2 : 


( 3 ) — 
cline the beam toward the ſan, and let 


that coloured light which you intend to 


examine, after refraction by the water, 
fall on the mark in the oppoſite plate— 
at that inſtant take the altitude of the 
ſun, whoſe complement 1 is equal to the 
angle of iucidence, as alſo the inclination 
of the beam to the horizon, whoſe com- 


plement is the bern of refradtion. Y 


The angles being thus 105 you 
have their ſines, which are found to be 


always in one and the ſame proportion, 


whatever be the ſan? 8 altitude at the time 
of making the experiment, i. e. however 
the incidence be varied“. 9 


? 


* To ke thi proved e in fukds by nenne et 
hollow priſms, and in ſolids by means of glaſs priſms of 
various angſes, cenſult Newton's Lect Opt. Part 1. 
Sed. 2. — Theſe modes are here omitted, as e 


* James. 


SECT. 


9 Poſition of the Conji ugate Fo bci 5 
rer ys reed and 6 ad 


18. Ir a pencil of rays fall on a plane pig. 10. 
reflecting ſurface, the Perpendicular diſ- 
tances of the ru foci from the le 
2 be equal. 


1. 35. the ue rays AC k parallel Fig: 10. 

—then as the angles of incidence AC B 

oß all the rays are equal, the angles of 
reflezion B C D ſhall be equal 1, the; Subf. 


reflected rays C D are equally indlined to 
the ſurface, and -- are parallel to each 


other, i. e. the foci are both lafioitely, " 
«ll. Sly alan from the plane. n 
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then becauſe the anglis of incidence 
Ab axe equal to the angles of reflex- 
ion N. CE: teſpectively, the inclinations 
a8 M 8 che. incident rays, are equal 
to the inclinations E CL of the reflected, 
i. e. to the angles B CM vertically 
oppofite—wherefore by 26 Lib, 1. El. the 
triangles A C M are equal to the tri- 
* B C M 3 and ys. 1565 


N. B. The 8 demonſtration will 
M | 3 to the caſe of eam ein rays. 


1 109. Of homogeneal rays en 
3 1 plane refracting ſurface; the perpendicu- - 
lar aiſtance of the geometric focus ꝙf tbe | 
incident rays from, the Manie: is to n 4 
the as ones as R. *. 


ho the incident. ra 95 4 verge 4 pro- 5 
| Fig. 12, ae the refracted ray L B until it 
meets the n in D—then 3 in 
1 the 
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the triangle A BD, as the fine of the 
angle A is to the ſine of the angle D“ 
(i. e) as I: R ſo is B D to B A, i e. 


when the rays fall (q. p. 0 nnn 
ſo is D N to A M. 


N. B. The The demonſtration will 


apply to the caſe of converging rays, Or. 


even to that of parallel rays, by conſider- 


ing the focus A as infinitely diſtant—for 
as there is a conſtant proportion between 
AM and D M, if the former be infinite 
ſo ſhall the latter, i. e. the refracted rays 


5 ſhall be parallel, but for greater clearneſs 


5 „ np * Lars —_ — f 
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this caſe i is deliyered eee, 


2. As * angles 2 incidence ABC: are Fi. . 
equal, and as their ſines have a given 


proportion to the ſines of the angles of 
refraction D B F (which are of the ſame 


affe@tion) | * angles hall be allo 


* It ; is * 8 to remark; i. N. 0 = an 


angle is the ſame with the ſine of its fopplemens to two / 
right angles, 2 
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Pig. 14. the di NNlances AD, and C DS. the geometric 
foci of the incident and refleBled rays, from. 


6 5 


equal, .. the refracted rays are alſo parał · 
fel, i. e. the conjugate foci ſhall be both 


infinitely diſtant from the ſurface®, 


20. If a wi of rays Hall ona rellecking 


ſpheric ſurface, the ſemi radius BD of the 


Sphereis always a meanproportional between 


15. 


the point of biſection D, in that radius which 
3 Wr the axis of the Pencil. 


1 ift. F the incident rays diverge 10 . | 


8 A- Draw BF and G B reſpectivt 


parallel to the incident and reflected rays, 


then becauſe the angle of reflexion B E F 


= GEB, che angle of ingidence, 3 L % 
EBF, the triangle B F E is an iloleeles; 3 
when the point E. coincides with P, 
the fides B r, FE that coincide with 


C N. B. 1 is . that if the line into which a 
ray is reflected or refratted' be taken to expreſs. the 
direction of an incident ray, 13;e mall be reflected or 


 refradted into the line is which the former ray was in- 


cident & 15 | $ 
the 


— 
* * 


wa r 
A2 
1 
* 75 „ 
1 
"4 „ 


4 8-1] 
the ſemi-radii BD, D P—and ſince from 
the nature of the conſtruction, the tri- 
angles B F E, BGE are always mutually 
equilateral, the points F and G will ap- 
proach each other while E moves toward 
P, and will ultimately coincide at D. 
But becauſe of the ſimilar triangles A 
B C F, FO: FB: GB A G, (i. e. 1 
when A Ei 18 9. p- perpendicular D 05 
D B:: : D B: D A, 1 
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N. B. wy fimilar demonffration will 
apply to the caſe of 8 e rays. 


9480 


3 Wo the incident ra ys be bel the 
geometric focus of the refleted rays will 
be in that Point where the radius FD 
b iſefted—for of the extreme proportion- 
als in the analogy above, A D being 
infinitely; increaſed, the other D 0 18 


5 infinitely diminiſhed, and vagiſhes—0Or | 
it ma 2 be alſo thus demonſtrated—T he 
triangle B C D is an ziloſceles, .boſe r., „ 
des DC, DB, when taken together, arc 
| 2 ultimately 


b 
>. 12 


ultimately equal to and coincident with 
the radius CF, . the point D will then 
be the * of biſection. 


121. Let 8 I be one. of a "nc of 
homogeneous rays parallel to the axis of 


a refracting ſpherie ſurface Abe diRance 


of the geometric focus of the refradted ra ys 


from the ſurface, is to its tiftance from the 


centre C of the ſphere: as ER For IF; 

FC:: ſine of I CF (or I CV, = angle of 
incidence) ſine of CI F (the angle of 
 refraftion or its Supplement )—But when 
the rays fall.near the perpendicular, I F 
coincides with FV, . by ſubſtituting fr 
IF in the analogy its equal F V, . the 
truth of the propoſition 18 evident. 


Croll. By diviſion of proportion *s 


have hence /be radius VC: FV ( the 
difkance of the Principal fotus from the 
n ): 4 . 800 of ie fines ; ”= of 


the rer focus is all given, FR 
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N Given a focus A of homogeneous 
rays which fall converging or diverging 
on a ſphetic refracting ſurface, its con- Fig: li. 


jugate is thus found Take from the 24. * 
centre D a part of FI axis DF equal to 
the principal focal diſtance * ; that point 
whoſe diſtance from the ping focus A 

75 'a fourth proporti onal to the diflances 

AF, AC, AD, (of the aſſumed point, the 
furface and the centre, from the ſame focut 

A) will be i its conjugate ſought, 


For from D deſcribe an arch with DF 
as its radius; if a ray (as B E] iſſuęed 
from B, it would be refracted into E G 
parallel to BD the axis of its pencil, 17 4 
then becauſe of the ſimilar triangles Note is 
ABD, AEO, AB:AE: AD: AG * 


. At the ſame fide with the given focus üben in 
paſſing from a rarer to a denſer medium, the rays fall 
on a cotivex ſurface—at the other fide if they fall on a 
concave. The contrary poſitions of the principal focus 
are to be aſſumed, when the pals from 4 | denſer 
medium to a rater. 


0 Ba But 


{4 16 ) 
«Di wha theray AE falls q-P- per- 
pendicularly, A B and A E coincide 


reſpectively with A F and A . 27 F; 
':AC:AD;AG. 


 Gerolll Mane by converliah AF:FC: 
A D: DG land ſince by Cor. Subſ. 21. 

the radius being given, the principal ö 
3 focus is given) we ſhall here have the 
4 three firſt terms of the analogy if the 
radius be known, and therefore the 
fourth, which gives G the focus conju- 

ng to A. 
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2 3. Lenſes are of ſix kinds, A Plano- 
convex. 2, Plano-concave. 3» Double 
convex. 4. Double concave. 7 4 Meniſcus. 
. The other kind of coficavo convex 
6g are deſt Om TP their 
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The. centre of a lens is that point pig. 26. 


| thro which 1 if a ray Pal 27, its whole courfe 
will be q. P. a right line—It is thus found: 

Draw the axis of the glaſs B C, and atfo 
any two parallel radii BD and C E of 
its ſurfaces—If D E be drawn it will cut 
the axis in the point required For ſup- 
poſing rays to paſs both ways along DE, 
| becauſe of the parallels D B and C E, 

the angles of incidence B DE, CE D 
are equal, » the angles of refraQtion ate 
equal, i. e. the ray O E will emerge in 
DV parallel to its incidence—and as the 
| thickneſs of the lens is uſually inconſi- 
derable, the interval of the parallels is 
evaneſcent, and · . the courſe of the ray 
will not ſenſibly BOYS Tron a right line. 


24. The Patel Wet of a lens is 
thus found : | 


Let the axis L. C of the Incline 
pencil of e homogeneous rays be a 


1 | 5 55 little 


$ Subſ. 
21. 


Fig. 27. 


85 


| little os to A B, the axis of the 
lens—parallel to L C draw A G, a radius 
of the firſt ſurface S G,—find F in AG 
the geometric focus X of the pencil after 


its refraction by that ſurface, i 1e. the focus 


of the rays incident upon the ſecdnd 
ſurface P Q-—draw X B, the axis of 


theſe incident rays. The geometric focus 
of the emergent rays is placed in this 


axis, as it is alſo in L C, the axis of 


the original pencil, the interſection 
F of thoſe axes is the point ſought*, 


Coroll. 1. Hence given the radii of he 


ſpheric ſurfaces, the principal focus 18 


found by this analogy, A B. CB:: 
AX: CF. But A B and CB are con- 
ſtant, by the hypotheſis, and ſo alſo is 


AX Subſet? 21. CF is equal to the 


* As rays GT RY to the axis F Cc would be re. 
fraRed to the focus F; ſo rays diverging from the focus 
F will emerge parallel to FC, and: to each ather. Vid. 
pate to Subſ. 19. i 


focal 


C193 


focal diſtance of rays that fall q P. 
panaller to the axis of the lens. 


f Coroll 2. Hence it appears that if the 
radii of the ſpheric ſurfaces be equal, 
the focal length of the lens is equal to 
one of them—for as I: R from air into 
glaſs is found by experiment to be as 3 
os. AX = 2 AC= AB, 1 e 


2 5. 9 the focus of homogeneous 
rays incident on a lens the . focus 
conjugate to it is thus found : | 


From the centre of the lens C take“ (in me. 28, 
che axis of the pencil) F C the principal 
focal length of the lens—from the given 
focus A toward F take a point L, whoſe 

| diſtance from A is a third proportional to 
AF, AC;—Lis the point required. For 
with C as a centre, and CF as an in- 


LY 


* Toward the given focus if the lens be convex; to 
the eontrary fide of the lens if it be concave. | 
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terval, deſcribe an arch F G, — ray d as 


GE iſſuing from G, will be refracted 
into E L parallel to G E the axis of its 


pencil then becauſe of the ſimilar tri- 
angles A CG, ALE, A G: AC:AEr 
AL, but when the rays fall q. p. perpen- 
dicularly, G coincides with F, and E with 


C,--AF: AC: AC: ALI. 


Coroll. Hence given the principal tocal 
length F C, and the diſtance A C, the 


focus L is found by this analogy derived 


from the laſt mentioned proportion hy, 
converſion AF: FC:: AC: CL. 
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26. I HE origin of colours is owing to 
the compoſition which takes place in the 
rays of light, each heterogeneous ray 

- conſiſting of innumerable rays of different 
colours—this is. evident from the ſepara · 
tion that enſues in the well known ex · 
periment of the priſm. 5 


Exp. 1. A ray being let into a darkened Fig: 30. 
room through a ſmall round aperture, 
and falling on a triangular glaſs priſm, | 
is by the refraction of the priſm conſide- 
rably dilated, and will exhibit on the 
_ Oppoſite wall an eblong image (uſually 
called a  ſpeftrum ) variouſly coloured, 
| _ whoſe 


whoſe extremities are - bothded by in. 
circles, and whoſe ſides are rectilinear. 
The colours are commonly divided into 
ſeven, which however have various 
ſhades, gradually intermixing at their 
juncture:— their order, beginning from 
the ſide of the refracting angle of the 
priſm, is— red, orange, yellow, green, 
blue, purple, violet. The obvious con- 


cluſion from this experiment is, that the 


ſeveral eomponent parts of ſolar light 


have different degrees of refrangibility, 
and that each ſubſequent ray in the or- 
der above-mentioned 1s more refrangible 


than the preceding—this will be pre- 
fently more unequivocally evinced ; but 


firſt it is neceſſary (for a more deciſive 


_ refutation of objections, and ſtrengthen- 
ing ſome concluſions in. this ſubje&) to 
attend to the mixture of the different 
coloured rays with each other in the 


ſpectrum, and alſo to point out the mode 
of ee it. 


27. As 


trum 


1 
27. As a circular image would be de- 
picted by the ſolar ray unrefracted by 
the priſm, ſo each ray that ſuffers no 
dilatation by the priſm would mark out 
a circular image hence it appears that 


the ſpectrum is compoſed of innumera- 


ble circles of different colours. The 
mixture therefore is proportionable to Fig. 31, 


the number of circles mixed together ; j 


but all ſuch circles are mixed together, 
whoſe centres lie between thoſe of 


two contingent circles, - the mixture 
is proportionable to the interval of thoſe 


centres, i. e. to the breadth of the ſpec- 
If therefore the breadth can be 
diminiſhed, retaining the length of the 


rectilinear ſides, the mixture will be leſ. 


ſened proportionably, but this is done by 
the following procels* : 13 


28. 


* Obſerve here, that the breadth of the ſpedtrum 
is equal io a line, which (at the diſtance of the wall 
from the hole) ſubtends an angle equal to the appa- 
rent diameter of the ſyn, together with another line 

. ES equa 


Fig. 32. 


( 44 ) 


28. Ar a conſiderable. diſtance W 


the hole place a double convex lens 
whoſe focal length is equal to half chat 
diſtance, and place the priſm behind the 


lens—at a diſtance behind the lens, equal 
to the diſtance of the lens from the 
hole, will be formed a ſpectrum, the 


length of whoſe rectilinear ſides is the 
fame as before, but its breadth much 
leſs; for the undiminiſhed breadth was 


equal to a line ſubtending (at the diſtance 


of the ſpectrum from the hole) an angle 
equal to the apparent diameter of the 


ſun, together with a line equal to the 


diameter of the hole but the reduced 


breadth is equal to the diameter of the 


hole only; for (as it will appear hereafter) 


equal to the diameter of the hole for the diameter 


of the circular unrefracted image would be equal to 
the ſum of theſe lines, as is plain from the figure 
31; therefore the diameter of the circles compoſing 


the ſpectrum (i. e. che breadth of the e is DRONE 


to the lame. 


the 


e 
che image of. the hole formed by the 
lens at the diſtance of double its focal 
length, is equal to the hole, . its ſeveral 
images in the different kinds of rays are 
equal to the ſame, i. e. the breadth of 


the reduced ſpectrum 1 is equal to the dia- 


meter of he hole. e 3 


29. It may ben objected . the 


concluſion deduced from the priſmatie 


experiment in ſubſection 26, that the 


length of the ſpectrum ariſes from a caſual 
diſperſion of the rays in paſſing through 


the priſm; or . that by the action of the 


glaſs they are cleft aſunder without any 


difference of | refrangibility” To obvi- 


ate ſuch objections the following experi- 
ments are adduced; but firſt it is worth 


obſerving, that the ſides of the ſpectrum 
being always rectilinear, ſeem to denote 
a regularity in the law that takes Place 


in the OI of the e 
Tad 14 79 0h 
74 f 1 a 


— — < 4 
4 — * 


Fig. 33. 


the firſt priſm be received by a ſecond 
whoſe axis is perpendicular to that .of 
the former, it will be refracted by this 

tranſverſe priſm: into a poſitioti indlined 


| | leaſt and the violet moſt removed from 


by 26 


Ep. I; Apriſm ky . placed i in an 
horizontal poſition; would project the ray 
into an oblong form, as has been ſeen; 
apply another horizontal priſm ADB; 
ſimilar to to the former, to receive the 


refracted light emerging from the firſt, 


and having its fefracting angle turned 
the contrary way from that of the former 
he light, after paſſing through both 


priſms, will aſſume a circular form, as 
if it had not been at all tefrated— 


whereas if the diſperſion were fortuitous, 
it would be reaſonable to ſuppoſe that 


by che double refraction the ſpecium 
ould be e e lengthened, | 


„pi 2 x the light ſins frond 


to the former, the red extremity being 


its former poſition ; ; but it will not be 
a 
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9 all e in breadth— whereas if the 
diſperſion proceeded from a diviſion of 
the rays. into others of the fame kind | 
by the action of the glaſs, the image 
formed by the ſeoond, priſm would be 
ſquare, each ray the firſt ſpectrum 
being as much 9 0 (on this hypothe- 
ſis) by, the refraction of the tranſverſe ' 
priſm, as the» ſolar | ray. was by the 
refraction of the firſt prifm. But leſt 
chjections ſhould: | be made concerning 
the inequality of the incidences of the 
different coloured rays on che ſecond F 
priſm in this experiment, dhe following : 
deciſive experiment will demonſtrate 
> unqueſtionably that the different homo- 


geneous rays are Aﬀerently refrangible 


Exp. 3. "ole to tbe priſm. place A 
perforated. board, and let che refracted 
light (having paſſed thro” the fmall hole) 
be received on a. ſecond board parallel 
to the firſt and perforated i in like manner; 5 
_ ou hole in the eco} board 


place 


Fig, 35. 


( 28 ) 
place. a priſm, with its refraQting angle 
downward—turn the firſt priſm ſlowly 


about its axis, and the light will move 


up and down the ſecond board *; let 
the colours be tranſmitted ſucceſſi Ray, 
and mark the places of the different 
coloured rays on the wall after their 


refraQtion by the ſecond priſm—the red 


will appear loweſt, the violet higheſt, | 
the reſt in the intermediate places in 
order. Here then the light being very 


much ſimplified +, and the incidences of 


all the rays on the ſecond priſm exactly 


-.- the ſame; the red was leaſt refracted, the 


violet molt, Ke. K . 


. via. Neon s Leg. pe. P. i. : edt. * 


+ For in this expariivent the 4 of the nc 
circles i is reduced to the diameter of the hole, as in n Subl. 


| 26. Tay 1 Newt. Opt. P. 1. Prop. y 


T 11 7 Y 7 p 1 3 9 
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45. B. No ſenſihle akeration kat Ms in a the 


appearance of qny one of the colours by the refraction of 


the ſecond priſm, nor even if und number of others be 
I ind receive it it feen. 2 | 


30. The 


— 


FW) 
30. The permanency of theſe origi- 
nal colours appear from hence, that 


they ſuffer no manner of change by any 


number of refractions, as is evident from 
the laſt mentioned experiment; nor yet 


by reflexion—for if any coloured body 


be placed in ſimplified homogeneous 
light, it will always appear of the ſame 
colour of the light in which it 1s placed, 

whether that differ from the colour of 


the body or not—e. g. if ultra-marine 
and yermillion be placed in a red light, 
both will appear red; in a green light, 
green, in a blue light, blue, &c.—It is 


however to be allowed, that a body ap- 
pears brighter when in a light of its own 


colour than in another and from this 
we ſee that the colours of natural bodies | 
ariſe from an aptitude in them to reflect 
ſome rays more copiouſly and ſtrongly 

| than others—bur leſt this phænominon 
ſhould produce a doubt of the conſtancy 

— * the Primary colours, it is proper to 


C aſſign 


£ 
* T 
* 
bf | 
+Y 
. 
*. 
xn 
BY 
1 
% 
" 
1 
7 
* 
wy 
T4 
wr 
* 
ww 
3 
: q 
+ dof 
3 54 
1 
13 
4 
EY 
* 
12 
. 174 
3% 
in * 
NR. 
13 
10 
* 
13 
* 
No 
= 'o 
1 
"0 
8b 
> vr 
+ 
$3 
1 
Mas 
4 
: * 
"1 
"| 
- 4 
10 
HY 
Ve 
1 
4 
1 
1 
* 
* 
1 
5 
8 
. N 
1. 
. 8 
WI, 
TY 
6 
. 
LO 
Fy 
ay 
7 
S ] 1 
4 F$ 
6 9 
a 4 
vo 
44 08 
* * 
14 
Þ 


| 1 


6 i oh I 6 rs 
. ˙ RAT 
; Shar ot Hee PS 2 — 2 — 


* 468 4 A 
gs DE tbe 
A — — > — YL 
n 


— 


(38: -} 


aſſign the reaſon of f it, Which 1s this,— 


that when placed | in its own coloured 


light, the body reflects the rays of the 


predominant colour more ſtrongly than 
any of thoſe intermixed with it , -- the 
proportion of the rays of the predomi- 


nant colour to thoſe of the others, in the 


reflected light, will be greater than in 
the incident light—but when the body 


is placed in a light of a different colour 
from its own, for à ſimilar reaſon the 
contrary effect will follow, i. e. the pro- 
portion of the predominant colour to 


the others will be leſs in the reflected 


than in the incident light, and there- 
fore as its ſplendour would be greater 
in the former caſe, and would be 
leſs in the latter than if all the 
_ rays were equally reflected, the ſplen- 
dour of the predominant colour will be 


! 


* For in priſmatic light, however decompounded, ; 


ſome mixture evil always remain. 


much 


W io. 0 


| 
1 


much greater in the for mer caſe thin ir 


the latter. 


ie; As a ſolar ray was ſeparated i into 


ſeveral others of different colours, ſo on 
the contrary, from thoſe homogeneous 


rays a ray of heterogeneous light may 


be compounded, perfectly correſponding 


both in appearance and properties with 


the ſolar rays. 


Exp. The coloured rays diverging . 
from the priſm are received by a double 


convex lens, at the diſtance of twice its 
focal length from the whole at the ſame 


Fig · is. 


diſtance * behind the Tens, where they e Vide 


are collected by its refraction, they are 
received on a ſecond priſm, whoſe re- 
fracting angle is equal to that of the 
former ; the divergence of the homoge- 
neous rays that would otherwife enſue, 


Subl. 25. 


18 counteracted by the ſecond priſm; and 


they are made to proceed parallel to each 
other from the place of their interſection, 


C2 : and 


( 32.) 
and therefore are all compounded and 
mixed together in the emergent ray AB, 
which is exactly of the ſame appearance 
with the ſolar rays, and, by experiments 


made on it ſimilar to thoſe uſually made 


in ſolar light, is found to poſſeſs the ſame 
properties. 


32. Since then, iſt, A ſolar ray may 
be reſolved into ſeveral differently colour- 


ed rays ; 2dly, Since their colours are 
| Immutable either by reflexion or refrac- 
tion, and therefore probably not gene- 
rated in thoſe operations; and 3dly, Since 
from the mixture of thoſe coloured rays 
ſolar light may be formed, it ſeems an 


indiſputable concluſion, that the differ- 


ently coloured rays do exiſt in ſolar 


light previous to any ſeparation that takes 
place in experiments 


33. White is compounded of all the 
primary colours mixed in their due pro- 


5 portions—for if a ſolar ray be ſeparated 


by 


— 


38 1 ; 


by the priſm into its component parts, Exp F 
and at a proper diſtance a lens be ſo 
placed as to collect the diverging colour- 

ed rays again into a focus, a paper placed 
perpendicularly to the rays in this point 6 
will exhibit whiteneſs. 


The ſame concluſion may ws damen "Exp. 2. 


5 from the experiment of mixing together 

A paints of the ſame colours as the parts of 

e the ſpectrum and in the ſame proportion; 

— the mixture will be white, though not of 

— a reſplendent whiteneſs — becauſe the co- 

de lours mixed are leſs bright than the pri- 

x mary ones—and the reaſons why they are 

in ſio are theſe,—iſt, That coloured bodies 

3 abſorb a great deal of the light incident 

lar on them; 2zdly, That as they reflect all 

" kinds of rays *, the luſtre of the predo- * SubL. 
30. 


minant colour is diminiſhed by the mix 
ture of the others. 7 


Black, and all grey colours a are en.” the Exp. 
fame ſpecies of white; for white, if 


; piacey 


Exp. 3 


4 


placed in a deep made, approaches in 
appearance to black, 

On the contrary, if grey colours are 
ſtrongly illuminated, they appear of a 
full whiteneſs, whence it follows that 


they only differ in the quantity and not 
1n the kind of light which they reflect. 


And black when ſtrongly illumina- 


ted, and viewed through a priſm, ap- 


pears tinged at the edges with priſma- 
tic colours, ſuch as would appear at 
the edges of a white body in the 8 
circumſtances. 

If in the light reflected from a body. 


the other colours bear a very great pro- 


portion to the principal one, a ſenſible 
change | is produced in its ſpecies, and a 
compound colour ariſes—hence the varie - 


ties in the colours of natural bodies“, 


A variety of compound colours. may be gene- 
rated by intercepting one or more of the priſmatic 
colours at Mie lens (in the firſt Exp. of Subſ. 33. 
the colour exhibited | at the focus will be PO" of 
fr! rema nder. | 


J- 
le 


( 3%) 


34. As the colour of a body therefore 
proceeds from a certain combination of 
the primary rays which it reflects; — 
the combination of rays flowing from 
any point of an object ll when col. 


lected by a glaſs, exhibit the Eine + tom." ” N 
pound colour in the cotreſponding point 


of the image hence appears the reaſon 


why the images formed by glaſſes have 


the ſame colours of the objects they re- 


preſent f. 


N N. B. The images of the points of an object 


are at the geometric foci q. p. for the rays collected into 
a given ſpace there are far more in number than thoſe 
| collected into an equal ſpace at the foci of the oblique 
- pencils, 


Vide Barrow's Lect. *. Lee, 4 from 
Art. 15 to 20, incluſ ive. | 


* þ 
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Us Fe” Images * Ge i by oy. 


— Reflexion and i Refrattion. 95 


F eee... 


35. Ir A B be ſuppoſed: an object, and 
CD its image, formed by a plane ſpecu. 
lum; They ſball be equally diſtant from 
the ſpeculum, at oppoſit te fides; 2. They 
ſhall be equal; 3. And ſimilarly ſituated. 
Tig 37. For, 1. The geometric foci ofrays flows 
ing from the ſeveral points of the object, 
are at the ſame diſtances from the ſpecu- 
lum on one ſide, as their correſponding 
4 Subſ. points are on the other, . the image 
| C D, and object AB, are at equal diſ- 
tances from the ſpeculum at oppoſite 
ſides. | : 


CW) 
1. Draw LB and L. D, boca of ks 


| equal triangles LB F, L FD, LBA 


LD; and taking from two right angles 
the equals F LD, FL B, the angle CLD 
= ALB, and becauſe CL = AL, the 
triangle CL D ALB, . CD = AB, 

3. Becauſe the axes of the different 


pencils never interſect each other, the po · 
fition of the different points in the image 


is ſimilar to that of the correſponding 
points of the object with reſpect to each 
other, . the object and its | zelage are 
ſimilarly ſituated. ES 


36. If an object A B be 1 in a 


8 denſer medium, its image formed by the 
ö plane refracting ſurface is, 1, Nearer to 
the ſurface than the object; 1 7. leſs 
than the object (except when this is 


parallel to the ſurface); 3. And is fimilarly 
placed d. » 


9 © The * Ge tell afar han 


true in the caſe of a refraction made from A rarer medrum . 


ibo a denſer.” 
For 


( 38 ) 

For, 1. The diſtances of the ig war 
thei image from the ſurface are to the 
diſtances of the correſponding points of 
the object from the ſame ꝙ as I: R, that 
is, in a ratio of leſſer inequality, - the 
image is nearer to the 8 than the 
object. | 
2. If the objet 3 A B 1 8 to * 
; ſurface, the image. C D (intercepted be- 
tween the ſame perpendiculars AL, BF,) 
ſhall be more * oblique to the ſurface, | 

and · - leſs oblique to the perpendiculars 
AL and B F, and therefore leſs than the 
object AB. 
3. As the axes of the different pencils 
do not ever inter ſect each other, the po- 
fition of the points in the object will be 
ſimilar to the poſition ot the correſponding SH 
points i in the 1 Image. af 


For as AL: CL:; (R. 150 B 7. D F, by 
Subſ. 19, (diridendo & alternando) A C: B D:: 

AL.: BF, i. e. A C is leſs than BD, . CD is mor, 
| oblique to the ſurface than A B. 


3 


1 1 
It is eaſy to transfer theſe demonſtta- 
tions to the caſe of refraction out of a 
rarer into a denſer medium. ] 


37. L. „ The mean * fande of an image 
formed by a ſpherie ſpeculum from the 
principal focus ir 4 third proportional to er. 49, 

the diftances of the object and centre from . 

_ the ſame focus—tor. the diſtances of the 
ſeveral points in the image from the 
points of biſection, in the reſpective 
radii that coincide with the axes of the 
pencils, are third proportionals to the 

diſtances of the correſponding points in 

the object, and of the centre from the 

ſame points of biſection reſpectively l. . | Vide 
the mean diſtance of the 1 image is a third Subſ. 20. 
proportional, &c. ; | 

1 The lineal magnitude of the her 
E. M, is to that Y the i __ F D, as their 


* 


: * The mean diſtance of an object I . ſphe ric 
ſpeculum or lens, is the diſtance of its middle point from | 
he yortex of the former, or centre of tle latter: 


ne 


mean 4. A from the centre ern ve · 
5, d. P.. 

For as they are baſes of ſimilar trian- 
gles CFD, CL M, they ſhall be as the 
fides CF: CL, <A CFL COS >: 

3. Their poſitions are ſmilar when they. 
are on the ſame ſide of the centre a mular 
when on contrary jides. . 
For the axes of the ſeveral Aifferent 
pencils interſect each other in the centre, 
the images of the different points in 
the object lie at the ſame ſide of the axis 
of the ſpeculum with the points them. 
ſelves in the former caſe, and at the 
contrary ſide i in the latter. 


38. Hence the images formed by all 
convex ſpeculums are in poſitions ſimilar 
to thoſe of their objects; ; as alſo thoſe 
formed by concave ſpeculums, when the 


£IM The image does not accurately correſpond in form 
with the object, tor it is en 12550 the curvature of the 
ſpeculum. . 


* 


object 


( 41 ) 

objeck is between the ſurface and the 
principal focus :—in theſe two caſes alſo 
the image is only imaginary, as the re- 
flected rays never come to the foci from 


whence they ſeem to diverge, In all 


other caſes of reflexion from concave 
ſpeculums, the images are in poſitions 


contrary to thoſe or their objects, and 


| theſe images are real, for the rays after 
reflexion do come to their reſpective foci. 
| — Theſe things are clearly evident on 
inſpection of the figures, from 5 princt- 
pies premilted.” 


39. 1. The mean diſtance of an image 7 


{formed by a lens) from the object i is a 


third proportional to the mean diftances of Fig, 4,2 
the object, from the principal focus, and the #* A. 


centre of the Tens ; (the principal focus be- 
ing taken at the ſame ſide of the lens 


with the object, if the lens be convex, | 
but on the contrary ſide, if it be concave). 


For the diſtances of the ſeveral points in 
the 1 image from the correſponding points 
| in 


— 


2 pon ty F — anne EO. 


7, 1 - 2 * 
3 Fs. RR 
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2 


Subſ. 24. 


Fig. 24, 


("083-7 
in the objeck, are third proportionals to 
the diſtances of theſe wy from the 
+ Vide geomietric foci of parallel rays *, (taken 


in the axes of the reſpective pencils as 
above directed) and from the centre of 
the lens; therefore the mean diſtance 1 is a 
third proportional, &c. wy 


2. The lineal magnitudes of the object and 


image are reſpecti vely as their diſtances 


from the centre of the lens: 


Becauſe the axes of the extreme pen- 


45, 44- | ll interſect each other in the centre, 


the lineal magnitudes are the baſes of 
ſimilar triangles, - - they ſhall be as the 


ſides, that is, as the mean diſtances from 


the centre. 
3. The image and object ure {milarly 


fituated, i both at the ſame jide of the 


lens—diffemilarly, if at oppoſite jides. 
Becauſe as the axes of the extreme 
pencils interſe& each other at the centre 
of the lens, the points of the object, and 
the correſponding points of the 1 — 


4 = he 


x 


„ 
lie at the ſame ſide of the axis of the lens Fig. 43. 


in the former caſe, and at oppoſite ſides 
of it in the latter, 125 &c. e 


40. Hence any images formed by a 
concave lens, or thoſe formed by a con- 
vex lens where the object is within its 
principal focus, are in the ſame poſition 
with the objects they repreſent :—they 

are alſo only imaginary, for the refracted 
rays never meet at the foci whence they 
ſeem to diverge. 

But the images of objects placed be⸗ | 

yond the focus of a convex lens are re- 
| verſed, and alſo real, for the refracted 
rays do meet at their proper foci, 


Fig. 45. 


. 


Of the Eye and the Nature e Vijion, 


TRE, 


41. TRE eye is nearly of a ſpherical 


ſhape, and is compoſed of three different 
ſubſtances, called, iſt, the Aqueous ; 2d, 
the Chry/aalline ; and zd, theVitreous hu- 


mours, encloſed by three principal coats, 


which are formed by the expanſion of the 
different component parts of the optic 


nerve, viz. the * Sclerotica 8 8; 2d, the 
Choroides D D; and 3d, the Retina T T. 
The Sclerotica is outermoſt ; it is very 
ſtrong, and the fore-part, which is tranſ. 


* Over the Sclerotica is ſpread the unica ad- 


nata, which forms what is commonly called the 


white of the eye; it is inſerted into the Sclerotica at 


eye. 


5 parent 


the Cornea; bot is not reckoned properly a part of he 


called the Pupil, immediately behind che 


zs differently coloured in different perſons. 


Igamentt QO membrane proceeding 
from the Choroides, and attached to the 

capfaula or ifilament, wich encloſes. te 8 
Chryſtalline humour R. The Chryſtal- 

Une 15 the moſt denſe ef the ches hu - 


5 cd (a. LY — 


ceorvex lens, whole fore- part has the leſs 
curvature; the cavity between the cornea 
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__objet ſeen with one or more glaſſes i is 
the fame as that of i its laſt 1 image to the 
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the extreme pencils that. enter the 
pil, g. p. oak, 9 Os 412 3 
e apparent da itude of any. 
body will be inverſ⸗ 
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N. B. when magoitudes are | ſpoken of, the lineal - 
r are to be 
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' 2 object ſeen with one or more glaſſes is as 
LG - the Fal nplagnitu ude off the 4 1 WII 
and ar its allance inverſely.” ” 
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46. Hence 025 then We concave 
or convex lenſes, where the eye is at the 
lens or! in a concave mirror when * the 
eye is at the centre of the ſphere. appear 
rig hs of the ſame ſize as they do at the naked 
50, 51, © eye for in theſe caſes the mag nitude of 

dhe object is to chat of 1 _—_ Fs i theit 
diſtances from the eye. Po”. 5 
The apparent Weg kus of an obj 
Po by the naked eye is likewiſe equal 
to its apparent- magnitude ſeen with a 
glaſs, where the object is adjacent ta the 
- glaſs—for in this caſe the image and ob- 
ject coincide, as is eaſily ſeen from Zubſ. 
5 and Coroll. of Subſ. 2 . But beet 


Ks. N. B. 1 the She 3 the image TY . are 

To a different Gdes of the” centre of the glaſs the . object 

apʒpears of the, ſame magnitude chat the! image would x 

= viewed by the eye turned wyard 5 as 1s explaggy in 2 
ous" note. N 


Ty on 


5 jea ang s ſome diſtance from the glaG) 
fſuppoſe che eye to be removed beyond the 
convex lens, or centre of che ſpheric con- 
gave, and whatever be the diſtance of the 
ohject from the glaſs it will appearæ mag. 
nified in every caſe except one 85 for the fe 
image is to the object in a greater ratio page x3 
than that of their reſpective diſtances pig. 55, 
from the eye, whenever they are at the 36. 
_ fame fide of the lens or centre of the ſphe- | 
ric ſurface and alſo. when they are at 
_ different ſides of it, if che eye be between . Mo 


the image f and the lens, or centre e of the 5+ 


C Thy reds h wp e 1 10 a concave 1. | 
Pp CET, 1 for if both the eye and object be. removed from the lens, oe 
h 8 "the object will always appear diminiſhed. f "LEN 


+4 tris proper to obſerve that i in bis caſe/the cher 
appears of the ſame magnitude that the image would if 
che eye viewed it-direfly from C- or the extremities 
bo, 2 object are ſeen in the dijreQion of L C and MO, 
the prigcipal viſual ras of their reſpective pencils; 
bot theſe rays form an angle equal to the angle QC R 
_ formed: by QC RC, the rays in whoſe directions tbe 


| axtremities. of the w would appear i the 116 WO : 
n from C . 
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Oy 5 and when diminiſhed. | 
PEE des 47 The | | 


cas 


n 57. ſplleric ſurface; or if the eye 65 beyond 


the image, if this be greater than o 

cqual to the object or even though it 
be leſs, while the eye is within a certain 

93 diſtance; for i in all theſe caſes the image 


e to the object in a greater proportion 
. than. the reſpective diſtance from the 


eye; therefore in all theſe caſes the 
5 object will appear magniſied.— But if the 
& eye recedes ſtill farther from the image, 

the gbject will firſt appear in the glaſs „ 
the lame, magnitude as it would to the 
naked. eye, and afterwards appe 
niſhed—for the image and object firſt 


become proportionable t, to their diſtances, 5 
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and after this the image is ta the object 
in a proportion leſs Thea, that of hair 
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* 4 N 


i ee diſtances. + or ovins 
By a proper application of the wile at 
| * end of the preceding SubſeQion, . 
5 5 which t the principles premiſed will eaſily 
direct us to, We may in all caſes find 


_ + when an object will appear magnified, . 
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7. The pictures of objects ſeen by. the 5 
e e are inverted on the retina F,.- = 
but the objects appear” us 
ſolutions are given: for this apparent . N 
repugnance between the cauſe and effect, 
among which the following ſeems Tn 
the, moſt natural. Dasein ooze 
Inyerſe, gr dire& pochen. is.only; 5 5 
different ſituation of objeQs with reſpe@.., 
37 | to the earth; when the e ee $663 4 
1 viſion, ſuffers the fame, change of. wh 
= - Gryation . with the objects, the relative; 


14 4 431 ak 2 -- , 1 5 It 
pelſſtign 9 21 of cheſs Pith. reſpect FO. the.e n 


1 emains. nner ed, i. 18. AYERS are + = 


2 0 pictures are/jnyert Aa at - 
reſins; 606: e e hoſl Wa = 


are on the retina. E 


E po 1 21 1015 hi 775 eie 85 AT q Fl 1 | | 
perience ws th is to be f act for t de images, WE 
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Nat Wo e appear i inverted. BBY the x retina, of the, 
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eye of a ay animal, When! it Is t ed toward the hght 94 
and ftrip ped of the, outlide co OY _ It Is. accounted for i Rin mY 

9 P 14 E S 839 1 l 
theory i n the 1 manner as th 
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Megivnn {dat ſeen through! A con - 
cave leris always appears" erect; for its 
ages Erecxh . the pickure on he retina” 
is inverted, che object appears cet 
The: fame! reaſon og atidcontlifficn” will” 
apply to the caſe of 6bjeQs/[cenifhi'a'con- 
vex ſpeculum—and alſo to chat of Ge 

ſeen through a co, lens or in 4 con- 
ese erglum i when tlie image is Hap. 


4 Schl. nary⸗ (ie Wien" cle object 1 6 placed 
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og tlie 
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within the principal focus Ter eren ; 
ge be real li et — 5 
me objeck ü placed Beyond tie fen us itt 


. 


= laced Between' the image and the i Ta 


lens, or centte or the fpetic {ec U "x8 
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Bar ik tue eye be placed beybnd a foal b 


800 Io this aft * the objent villbe 1 ade u. 


i eben, for the rays of each pencil fall « on the C 
onveiging—=whereas (as was obſeryed hefore) the eye dess 
| bj > Vite wen 0 e 5 1 Fc 
* 1647 Sb links, dt 0 ever 
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ed by the' con eilte ſpeculum m uu 
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« or convex lens, ſince the Image is hs” ww 
verted, the 1 on the retina will 


be ered, and th the dee will Pe, * 

; inverted, i ROT? Ag „%% OBOE . 

: 48. The appetent diſtanee of objects" hi "8 
depends on their apparent magnitude, 9 
ſplendor and diſtinctneſs; remote ob- | mn 
jects being found to appear ſmaller and 4 a . 
more faint as their diſtance is greater, 4s; 
and near objects more confuſed and larger 1 
as their diſtance is leſs. We hence con- | [4 
clude, that (of objects which we are ac- KY \$ | 
quainted with) thoſe that appear of leſs | „ 

. magnitude and ſplendor than uſual are 

; more remote, and that thoſe whoſe mag N „ 

bo nitude and confuſion are greater thn + I 

' | uſual, are nearer to the Place of obſer- . =_ 
5 vation. 5 „ | 0 3 ® 

: The fame general rules will Bold for 1 NY 1 
10 * the apparent diſtance of ob- „% 
92 jects ſceti with glaſſes—lr 1 would how» 7 & 1 
. ever r be hs ag to > enlarge upon theſe | i 2 5 „„ 1 
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| 49. Tarr two obſtacles the accurate 
viſion of remote objects (viz. 1, faint- 


neſs; and 2, want of ſufficient apparent. 


magnitude) are remedied. by the teleſ- 
cope; the former, becauſe the object. 
glaſs by! its breadth collects a much great- 05 
er quantity of the rays flowing from the 
object than the pupil of the eye can poſ- 15 
ſibly do; and the latter, becauſe the ob⸗ 


2 glaſs forms near the eye a diſtinct 
image of the object, which the eye glas 


enables us to view with ever 7 e 
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0 | of cloſeneſs and diſtinQneſs, as will * 
ſeen in the explanation of the inſtru- 
en 


0 1 N Wo | | 1 


5 80h Tela hlet two kinds; 1, 
5 refrattors ; and 2, reflefors. Of each 
| there are various ſpecies. Re 
The moſt ſimple ſpecies of the former 
conſiſts of two lenſes inſerted into the 
oppoſite extremities of a tube—the lens 
(which is placed next the object in obſer- _ 
- vations, and therefore called the objetF- 
| Fig: 59s glaſs) is broad and convex.; and will 
F . ** form the image E F, (as the object 
4 DT ſuppoſed very. remote) q. P. at its 8 
FF +  : cippifocus Q—If the conſtruction of the 
10h eye enabled it to view this image within 
a ſufficiently ſmall diſtance, it would ſee 
the object clearly and much magnified : : 
F It, as the pupil is ſmall, and as the eye 
1s adapted to the admiſſion of rays an, 
parallel, it cannot of itſelf cloſely view 
this image, which is uſually of great 
ec in compariſon of the pup il, and 
Where 
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wha ſo great A” degree ot 6 
takes place in the pencils proceeding to 
the eye from each point in the image“. 


for being placed at the diſtance of its 5 
own focal length. (07 from the image 
E F, the rays of each ſeparate pencil | 
paſſing through! lt it, will emerge parallel I 
to each other To). 


the extent of view it ein command, depends on the feld. 
i. e on the greateſt viſual angle G B H, it admits. This Fig. 595 


: 5 glaſs directly, and in erſely as the diftance between the 
eye-plaſs and object glaſs. But in the Gallilean it is as 


diſtance of the eye · glaſs from the e as is plain 
from their figures. &/ 


Fohted perſons, the diſtance of the .eye-glaſs from 


Wy to make the rays of. each. pencil diverga to the eye; 3 and =” 
for long ſighted perſons, that diſtance ſhould be greater 


| thin the focal length. of the eye-glaſs, that the rays of t 
each pencil or 1 1 on the eye. Vide Sub, 
3 ns . wi N $641 al 5 5 92 T iy; Wo 52 | 1 
i -This „„ 
3 . 22 : 5 15 1 | „ 


( 0 9 „ 
The eye-glaſs ( G H ſupplies this defect 
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The 3 ny objet © ſeen in a alckope, or 
in the aſtronomical teleſcope is as the breadth of the eye 6% 5 
the breadth of the pupil directly, and inverſely as the 


II is evident chat to 1 any 3 to ſhort- 


"the image ſhould be leſs. than its focal length, in order X 
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"This will be the ease whether thei eye. 155 


By be convex (as in the common aſtro- 
nomical teleſcope) or concave as in the 


Gallilean; but in the latter the obſtacle 5 


toa cloſe view of the i image, ariſing from 


the ſmallneſs of the pupil, is not reme- : 


died (becauſe the pencils diverge from 
each other after pafling * the eye-glaſs) 
as it is in the former, where the ſeveral 
pencils emerging from the eye-glaſs in- 
terſect; and the eye being placed at their 
interſection, receives all the pencils thar 
fall from the image on the eye. glas. 
Hence we ſee how. teleſcopes. produce 


1 and vividneſs in the N e 
ance of e remote objes.” CR TR e LV 


* By which alias 1 a: a0. of view is eon. 
tracted, (as all the parallel rays belonging to ſome of 
the exterior pencils will in many caſes. eſcape the pu- 
pil); z and 2, the apparent ſplendor of the object is di - 
müniſhed, eſpecially toward the' extremity of the feld; 
for ſome of the parallel rays belonging to the extreme 


- pencils which ng on the 1755 Mis * the pupil 8 
_ others enter it. a 5 
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1 65 3; 
3 I. "Their manifving powers: are TY 
mated by the following rule 
The lineal magnitude of an he. 
ſeen with a teleſcope, | is to that ſeen, 


by the naked eye as the focal length of Fig, 59, 


the obje-glaſs to an focal Py of mo 


5 ee. -glaſs. 


For the latter magnitude 3 is | meaſured 67 


by the angle LB M formed at the eye, or 
5 (ꝗ· P-) at the * object-glaſs, by the axes ; 
of the extreme pencils: i. e. by the 'an- 
_gleFBE which the image ſubtends at 
the object glaſs. But the former mage. 
nitude is meaſured by the angle GH 
under the extreme pencils of parallel | 
_ rays emerging from the eye-glaſs, i. e. 
by the angle E C F under the axes . 
. extreme pencils incident on the eye- 5 
glaſs $ 5 the former magnitude: the 5 vige 
: latter, : : angle E. 0 F: angle 1 B N La 
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Subl. . 


* Browſe the length of ihe weleſeope | is incon- 5 


vo gderable vith 1 5 to the Shows of: remote | ob. 
| jects. e 
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52. The on: of. Ange ſoa with. 


1 „ teleſcope is erect; for ſince 
by the operation of the concave eye- 
glaſs the rays tend. to the ſame ſides of 
4 the eye as they do of the image (which 
is inverted). the. picture on the retina 
will be inverted, ; the object will appear 
f erect. But! in che aſtronomical teleſcope, 
_ the: rays, coming from the extremities of 
? the; } image interſect each other, and 1 
tend to che contrary | ſides ol the ee 


4 


3 yt 5 For bn Wg ate diredly 5 cheir ſubtenſes 7. 
and inverſely as the perpendiculars let fall from their 


vertices: on the ſubtenſes, qe P. : given the ſubtenſe, * 


24s in this caſe the angles. ſhall be yay, as the ker. f 
1 pengievtans, RT 5 
5 \ 15 Hence we ſee the tab? why objects 3 W . 

19 5 Wh fied if the broad and leſs convex lens be turned. toward 
| 7 the object (as' is uſually done) but diminiſhed, if the | 
| 5 narrow and more convex | lens be e uſed as the obje-glaſs | 
- the teleſcope. „5 We 


it 
a . 9 


1 


7 ng conſe- ? 


6 } 


Ws, the picture on the retina is inverted, 


the ſum of their focal lengths, and 4 


TW . 1 
conſequently (as the | image is ;inverted)the „ 
picture on the retina will be erect, ;- the 
object will appear inverted. This in- 
verſion is of no moment in aſtronomical 
Obſervations ; : but as it is convenient in Fig 61. 
viewing terreſtrial objects that they Fa 
ſhould appear erect, this purpoſe is ef- 
fected by the addition of two eye-glaſſes, 5 
Whoſe diſtance from each other ſhould . 
be ſufficient to permit the interſection of 1 OTA. # 
the extreme pencils of parallel rays* pro- 1 , © 4 Us 
_ ceeding from the firſt eye-glaſs, At the Subl. . ; 
focus of the ſecond an erect image! . 
de formed, from whoſe extremities the 1 
rays proceeding to the laſt eye · glaſs will 9 0 
emerge parallel from that glaſs, and tend Ft 
to the contrary « extremities of the eye, 


and the object mall appear erect. 

It 18 obvious from what has been 5 
bald, that the diſtance between the ob- 
| jeft-glaſs and firſt eye: glaſs 1 is equal to . 


ld. 


, P 
* 
* : p . 
' 4 
4 


e SST 


2 


| 53. | Reflettors are os three kinds, the 2 
1 Sew the Gregorian and Caſſe- 
5 al s. It was by ae diſcovered i 


FN * The inconvenience 1 fo are an ran vu 55 
jt pou bee , | 
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3 K 68 . e 
alſo TY the. diftance of the Gent . 
and third eye-glaſs, from each other, 4 
f equal to the ſum of their focal lengths. 
To prevent the neceſſity of a large 
aperture * in the principal eye-glaſs, it is 
convenient that the diſtance, of the 
ſecond eye. glas, from the concourſe 
of the pencils proceeding from the firſt, 
„ ſhould not be leſs than the focal length . 

of the ſecond. eye-glaſs, otherwiſe (the 
1 pencils diverging from each other after 
refraction, ) the ſecond 1 image would be 5 
ſo much enlarged as to be incapable of -- 
being received on a third and principal 
eye: glaſs of ſufficiently ſmall aperture. 
| This teleſcope with, three eye-glaſſes is 
n called the deen e Teleſrope. 12 705 


t % ) 
chat nm in which great mer ; 
ing power and light were required, cauſed 
a material confuſion in the objects that 
could no way be remedied, unleſs by 
unmanageable lengths; and Newton 
having diſcovered the chief cauſe of this 
imperfection to ariſe from the different 
; refrangibility of light ; and ſuppoſing it 
was impoſſible to refract the rays pro- 
ceeding from the object, to their-foci . 
the! image, without an enſuing diſperſion . 
of the colours, thought the perfection . 
refraQtors was not to be hoped for — He 
terefore applied himſelf to combine tle 
powers of reflection and refraction in 
the conſtruction of a teleſcope, and 
attained his object with the greateſt ſuc-. 6 
ceſs.—His invention was as foll ons; 
Into the end of a ſhort tube he inſert- Fg. 6a: 
ed a: concave ſpeculum of about ſix 
inches in lineal aperture—before the 
f focus s (where the image ofa 
. remote 9 8 


remote ob) ed would be formed) a plane * : 


ſpeculum, inclined to the axis of the 


Concave in an angle of forty-five degrees, 
receives the rays proceeding to the image 
and reflecting them obliquely, forms ano - 
ther i image equal to the preceding F— 


the rays diverging from each point of 
this image are received by a convex eye- 
glaſs at its own \ focal diſtance f from. the 
image. „„ 

The objedt appears tn in : this 


3 


% 


_ teleſcope, but may be erected by che A 


addition of two _ eye glaſſes as in 
the refractor. —The 


lineal magnitude as ſeen in this teleſ- 


cope, as the focal length of the eye- 


* Newton e Oe a rectan gular iſoſceles priſm 


a for this purpoſe; the incident rays, after paſſing through 
one of the perpendicular ſides, was reflected by the baſe 


and emerged unooloured through the other ſide. The 


- image was erected by SO we dey of the evra a 


| little convex, both DE 


— 


ineal magnitude of 
an object to the naked eye is to its : 


; 30 


7 


yo. 71 öĩ— 


glaſs to che focal length of the concave 


| ſpeculum —This will appear as in the 


| computation of the magnifying powers . 


of the common refractor ; Y when it is 


WE conſidered that the image ſeen | 18 equal 5 
to that which would be formed q. p. at 


the focus; and that the angle meaſuring ; 


the apparent magnitude to the. naked 7 
eye! 18 equal to that which the image | in 
the focus ſubtends, at the centre of the 


ſpheric futface of which the ſpeeulum | is 0 


44 a ſegment. | 


84. ＋ he Gregorian reflector i is thus 


. conflragted : 


Into the extremity of a ſhort and wide 


tube is inſerted a concave ſpheric ſpe⸗ 


— 


culum perforated at the vertex—beyond 
the focus of the ſpeculum, where the 
flirſt image is formed, is placed another 

1 concave ſpeculum, whoſe diſtance from“ . 


For if it were not greater than the focal length, 
. 8 . ks ; or p the 
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\ 5 „ 
the focus of ths: e ſpeculum i is 
greater than its own focal length, but 
leſs than its radius —at the perforation 
- of the ſirſt ſpeculum is inſerted a tube, 5 | 
in which the ee-glaſs is placed to 
receive the rays proceeding from the ; ot 
| ſecond image (formed by the ſmaller | 
ſpeculum )—its diſtance from the place 
of this image ſhould be equal | to its £ 
focal length, by whith means the rays t 
of each pencil emerge parallel. f 
It is clear that the object appears 4 
. erect 1 in this teleſcope, for the firſt 1 image 0 
1 7 is inverted #, and the ſecond i image is ; 
„ inverted in reſpect of the firſt, i. e. it is 1 
ceerect in reſpect of the object - conſe - 7 
the rays of each pencil would never come to a p We 8 
focus, and therefore no ſecond image could be Woo 
Fe formed; and if it were greater than the radius, the fe 
ſecond image would be farther from che eye-glaſs We. 
155 than the firlt, and conſequently both the feld and 1 
power of the inſtrument would be too much d. N . 


e e KO | 
| ) | 75 N | | : . e Wor 5 89% 77 by : * | I 


(an) 


quently its picture on the retina is in- 
: vented, and . . it will appear eret*, 


5 5. Caſſegrain- 8 teleſcope i 18 the . 
with the Gregorian, except in the form 
and poſition of the leſſer ſpeculum, which - 
is convex, and placed before the focus 


* The Kina a maine of an FO 18 wich 
this teleſcope, i is to its apparent magnitude at the 
naked eye, in a ratio compounded of that of G F,. 
| (the focal length of the obje& ſpeculum) to om, (te 
| focal length of the eye-glaſs). and of r 0, (the diſtance | 
of the ſecond | image from the focus of the leſſer | 
"4 ſpeculum), to 7 2 (the fecal length of that ſpecolum)— - — 
: for thele magnitudes are to each other, as the angles | 


2 LGS: 1122458 Nl Loo a end deb fn? 25 [| Vide 
7 ws ſince ro, 1x, r# are continually proportional, add- . 
ing 1s : reſpectively to their proportionals, ro-re 
Ws z-1f, it will be, as rer: rar Fir : r, A by ſub- 
| ſlituting the two latter terms in the place of the two | 
former in the compound ratio above deduced, we 


have the apparent magnitude in the teleſcope to that at 
the naked eye: 5 ee 19 5 ee cee. 
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Fig PR of the object ect; at a diftance len 
than its own focal length. A 


The object will appear inverted in this 


teleſcope ; for the ſecond image is 
verted with reſpect to the object, ite 


picture on the retina will be ere, 5 it 5 


_ will ; appear inverted. 


Its magnifying Pander 18 computed a as 


in che enn 


66. Reflecting eleſeppes: are e in 


their magnifying powers to refractors, for 

in the latter great magnifying power 
ds produced, either, 1, by making the 
Object-glaſs of a great focal length, 
which is in practice exceedin gly inconve- 
div, nient“; ; or, 2, by making the eye-glaſs 

- "of very ſmall focal length, which 
would make the object appear ve 
0 9 rand as en errors eee in the 


y con- 


73 


0 This appears 5 e what he Naw, mag- A 


F eile power is as the focal length of the object glaſs 
| directly, and inverſely as - the focal oy. of the eye % 


- "Yaſs "Vide Subd: 9 „ 


_— | — 


1 


image 


1 on begols Ways nes 1 . 5. 2. 7. 


e 


image by the different refrangibility & 
light would thereby be too much mag - 
nified to admit diſtinct viſion, Neither 
of theſe inconvenieneies, then, can be 
avoided in a refractor of great magnify- 
5 ing power, without incurring the other. 


But as the image formed by the con- 


cave ſpeculum f in the reflector is much 
more accurate than that formed by an 
8 objecl- glaſs of the ſame focal length and 
of a ſufficient aperture, therefore an eye - 
glaſs of leſs focal length, and -conſe- 
_ quently of greater magnifying power, 


may be . relle cor than f in 
wy refraQor 985 


| Though 


* For the circle. of 3 3 at "the f ocus 


of each pencil by the ſphericity of the ſpeculum, is far 
leſs than that proceeding from the different OT .. | 
ty of light paſſing through the objeQ-glaſs a ide 
Smith's 5 B. 291 6. or Newt, . cate Pal 1. $8, 


15 = it be deſired to confer this. matter in a nas 
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T tough the reflector has whe above 

- advantage. over the refractor, 
it is counterbalanced in ſome degree by 
the inconveniencies it is ſubject to—as 
1, More light is loſt in reflexion at the 
mirrors than in traſmiſſion through the 


glaſſes of the refrator.. 2, A more fre- 75 


quent loſs of poliſh happens in the ſpe- 
culums than in the lenſes, and a greater - 
difficulty in reſtoring it. 3, The ſhape | 
of the ſpeculums is much more liable 
to change than that of lenſes, either by 
warping or by inequalities produeedin the 
grinding, or by the frequent cleanſingthey 
require“. And this change of ſhape is 
of peculiar ill conſequence i in the 1 re- 


where itis hewn das hb lineal amplibcutions at are 2 the : | 


_ ſquare roots. of the lengths in the refractors, and: 3 
deat a lengthening of the e muſt conſtantly atiend 0 
Aan increaſe of its power. 
There is an imperfeCtion i in all rellefiors not Cl . 
1 remarked, viz. the valuable rays near the axis are N 
| "oſt 180 . n o Fths leſſer 2057 1 4 Ms 


fledting 1 


9 
efting teleſcope, as the errors ariſing 
from unequal incidences at refleQing fur. 


faces are fix times greater than ſimilar | 
errors in refractions between air and 
gliſs—for the angle CB H under the Fig, 6s; 
reflected rays is equal to twice „ 
the difference of the incidences d; while 
the Angle 8 B H under the refracted Fig. 66 
rays is but a third part of M BN, „ „ 
difference of the incidences *, | 


0 9 Suppoſe the poſition of the 1 ſurface be 
2 changed from SO to F G, then as the angle of in 
cidence A BD, is encreaſed by DB E, the difference 
of the incidences, the new angle of reflection E BH 
| ſhall exceed D B C, the former angle of reflection, by 
an angle = to D BE; therefore C B H (the exceſs of 1 | _ 
_ABE +: EBH aboye ABD 1 19 N b ] e 4 
equal to twice D B E. e fi 
* As into a glaſs out of air I: R:: 35 ts. ſmall . 
angles of incidence and refiactios will be in the ſame 
| proportion, +4 the refracted angles EB G and E B H 
| | are but the third parts of A B M, A BN, their re- 
| | ſpetive angles 0 of incidence, . the difference G B HH | 


of theſe thitds will equates BN, the fri of the 
_ fifferegceof the incidences. e „ 


( 75 ) : 
| EI 3. A ſimilar proof may be ap- 
79 | / lhe where the Incidence | is dimi- 
4 niſhed. + 
| : But the late i invention of compound 
1 object glaſſes has procured for refracting 
; l teleſcopes all the advantages of ampli- 
| | fying and light that refle&tqrs poſſeſs, 
5 without ſubj ecting them to any of me 
| \ iapertetions juſt | mentioned, except 
| ſome loſs of N 1 
| | . 5 
5 ; ; vi 
8 | | Ai 
| | SE GT. i 
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of the Errors ca uſed by the Objeat-Glaſes 
of Teleſcopes, and the M ethods 99 9 cor. 
reffling them, u 


*. 


57. T HE great utility of this in- 
vention of teleſcopes is too appa- 
rent to require remark; but the im- 
perfections it laboured under limited very J's 
much the advantages "1 to be expected 7 

from 1 we IN FN 
| Thoſe imperfections principally relate | 
to the errors cauſed IF, the fort and 
e FA 1 Pl matertal 


\ 


Fs 
4 * we 8 
WE 


? 


h 


wait of the obj eQ-glaſs in the image 


formed at its focus *. 
it, It is plain, that N Pane 


or diverging that fall all over the ſur- 


face of a lens, thoſe fall. more obliquely 


that are neareſt to the extremities; they 


will therefore ſuffer the greateſt refrac- 
tion, and will meet the axis of their 
Fig. 67. pencil at a leſs diftance from the lens thafi 

thoſe which fall nearer to that ais 


the image I of the lucid point O, formed 


by the moſt remote rays, 18 called the 


extreme image; and its image P, formed 


by the rays neareſt to the axis, is called 
the principal image, Which will neceſ- 


 farily be confuſed. by the.divergence. of 
the rays flowing from the extreme. and 


intermediate images. The ſpace I P be- 
tween the. principal and extreme images 
is called che e * di 55 1 05 and ls OC 


rated of in anovber . 


” os 
; | ; ie 
* 5 . 2 bl - a 
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* 3 errors + king, 1 5 te args will * 


5 %% CT 
cupied by other images of the lucid point, 4 
which are formed by the ſucceſſive an- 
nuli from the extremities of the lens to 
its centre; the ſmalleſt ſpage (1 4 þ 99 into - 
which the rays. are collected is evidently wo 
at the interſection of the rays neareſt to, 
and molt. remote from the axis; j and this 
ſpace. is called the circle. of aberration, 0 
arilng from Jbericity. The ratio of i its 
diameter“ o the lineal aperture of a 
plano-conyex lenz. which \ Was four 
inches, and the. radius of its ſpheric fur= 7 
face, one hundred feet, was found by 5 Vide 
calculation to be as F 1 ta 299,695 ; and gow, 


Op. 7th 
it is varied in different Tenſes as the Prop. 


cubes F- of the linear apertures directly, t x 
and inverſely . as the ſquares of the focal N . 
lengths; : hence it appears that this error 92 P. 1. 
always is augmented as the aperture is 1 
enlarged for a more copious admiſſion of 


| be light © or as 5 the N of the teleſcope | 1 


ied | 0 Wie the incl rays a are ne to the axis . 
the ens. ND „ 
. 1 5 is 


580 82 ) 15 
18 diminithed for greater conveniency of 
obſervation. ' TB Ihe | 


58. The Med — * ariſing! have 
Fir” leſs impeded the perfection of the 
inftrument than the confuſion occaſi oned N 
in the image by the different refrangibility 
of light ; ; and, that great confuſion f 
muſt reſult. from this cauſe will be 
obvious to any one who views an object 
through a priſm ; for its extremities will 
appear very indiſtinct, and tinged with 


a variety of compound priſmatic. colours 3; 


a a ſimilar appearance muſt enſue in ; 


viewing objects through | a lens whoſe 


ſhape correſponds to that of a priſm. 


The only e difference i in the effects of theſe 


1 two inſtruments ariſes from the diſpa- 


- rity of their refraQtingangles ; ; to which 
. cauſe alſo it is to be attributed that the 
colouring occaſioned by the central parts 
of a lens is leſs than that cauſed by its 
exterior e This error is e fo great, 
In 


„ Th 
that the diameter of the circle of aber - 
ration proceeding from this cauſe is equal 
to th part of the diameter of the 
acne”; oy = Vide 

This abe ration, i fix greater than the 3 


former, cauſed Sir I. Newton to deſpair Bak 1 


of the poſſibility of making refractors 


with any conſiderable magnifyi ing powers. 
He therefore ſubſtituted in their place 
the reflectors above deſcribed. Theſe, 
though free from the confuſion owing to 


. the different refrangibility, and capable 


5 5. of being much ſhortened, ftill were ſub- 
in g ject to the other diſadvantages men- 
fe. tioned } in Subſ. 56; and beſide, the er- 
m. rors from ſphericity were common to 
cle them with refractors, and obſerved the 
pa- Lin. Apert.s 

ch | lame Hey, vi. ? 35 La . 5 Bot oth 
the ; errors, however, were at once ee 
fi by the very ingenious invention of 1 8 
its | 8 188 by! Mr. Dolland. Pig 
eat, | | The 5 


The proceſs of this diſcovery, ſo in. 
tereſting to ſcience, is a ſtriking example 
of the gradations, by which the obſer - 
vation of a ſimple phenomenon may be 


purſued to purpoſes of a yery compli. : 
19 ale nature and general tier. 


59. Newton's deſpair of biloglag ; 
refracting teleſcopes to perfection aroſe 
from a perſuaſion that the diſperſion 
of the rays was always proportioned to 
: their mean refraction, 5 and of conſe · 
quence that no change i in the direction „ 
of à ray could be made by refraction + 

7 through any number of mediums, with- * 
out an enſuing dilatation ; hence in a 
8 teleſcope where ſuch achange of direction · 
muſt happen i in order to the formation 
of the image, that the image of each - 
point in the object would neceſſarily be 
diffuſed over a circle of aberration whoſe 
1 diameter i is equal to 4th part of the dia. 
| Meter of the aperture, and from the 
Eos yaa yok Hal yy mixture 
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mixture of thoſe different circles, that a 
conſiderable confuſion muſt always exiſt 


in the image, if the one; glaſs be of 
large aperture. 


'The ground of N ewton' 8 concluſion. 


was an experiment not inſtituted, nor 
perhaps obſeryed, with the great accuracy 
ſo conſpicuous in the works of that illuſ- 
trious philoſopher, —It was this: In a 
priſmatic. vellel whoſe ſides containing 
the refracting angle were moveable at 
pleaſure, à glaſs priſm was placed with 
its refraQting angle upward; and the, 
veſſel being filled with water, a ray Was 
tranſmitted through both priſms, which, 


whenever it emerged in a direction pa- 


rallel to that of its incidence, appeared 
white, and if inclined to it was always 
coloured; : from ſuch phænomena the 
deduction above mentioned was fairly 


; drawn — But on a repetition of this ex- 5 
5 N by Mr. e, che reſult was 
| n 7 
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quite the reverſe of that mentioned by 
Newton; for when the ray emerged in 


a direction parallel to that of its inci- 


dence, it appeared ſtrongly tinged with 


priſmatic colours. — On the other hand, 
by a proper adjuſtment of the refracting 


angles of the veſſel and priſm, while 


the direction of the ray was changed by 5 


the excefs of refraction of the water 5 
prifm, the ray emerged white; its diſ- 
oo perſion being counteracted by the con- 


trary action of the glaſs priſm, which 
therefore appeared from this experiment 


0 to have an equal power of diſperſing the 
rays, (or collecting them when diſperſed) 


though with a fmaller power of mean 
refraction, and conſequently that glaſs has 


W greater power of diſperſion in proportion 


0 its mean refraction than water. 


This is Ss owing to. the 3 of the rer 


. angle of the water POM above that of the glaſs, 


a 


„ 
60. Mr. Dolland then endeavoured to 

apply this principle to practice, by con- 
ſtructing lenſes of glaſs with water en- 
eloſed, ſo that the mean refraction of the 
water ſhould be greater than that cauſed 
by the glaſs, and contrary thereto, for 
the purpoſe of counteracting the diſ- 
perſion made by the glaſs; while at 
the ſame time the rays ef the ſeveral 
pencils were collected to their reſpective 
foci at the image, by the difference of 
the mean refractions.— But this method 
was found ſo extremely difficult, from 
the depth of the lenſes neceſſary 1 in the 
conſtruction, &c. that he was ene ro. 


relinquiſh it. 


He ſuſpected, e 90 different! 
kinds of glaſs might alſo have different 
powers of diſperſion in proportion to their 
mean refractive powers; and experiment | 
abundantly confirmed his conjecture, 
for i Joining, two priſms of ſmall - 


angles 
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( 
angles made of crown-glaſs and white 


in oppolite directions, he produced ef- 


fects ſimilar to thoſe that appeared in 


the experiment of the priſmatic veſſel; 


viz. iſt, with one pair of priſms, an 


emergence of the ray in a direction pa- 


rallel to that of its incidence, with a 


ſtrong tincture of priſmatio colours; 


and 2dly, with a different pair of priſms, 
an emergence of the ray perfectly un- 


coloured, in a direction inclined to that 
of its incidence From theſe experiments. 
White flint-glaſs appears to haye the 


greater power of mean refraction, and 
alſo a greater power of diſperſion, in in 


proportion to its mean refractive ae 


than crown-glafs, 


>* 


61. This immediately led [FAY to the 
conflyiition of a double object. glaſs, 
compounded of 1 ; double concave of 


white 


; * * 


6689) 
white flint, and a double convex. of 
crown glaſs the exceſs of mean re- 
fraction was in the latter, to bring the 
rays of each pencil to a focus at the 
image, and by its form to counteract 
ſufficiently the greater diſperſing power 
in the /ub/ance of the concave glaſs. 


| Any ra paſſing through theſe two gl aſſes 5 | 


was untinged by priſmatic colours, though 
it interſected the axis of its pencil after 
refraction ; no image, therefore, whether 
extreme, principal, or intermediate, was 
confuſed by the different refrangibility: 
neither did any confuſion of moment 
ariſe from the ſphericity of the glaſs; 
| becauſe the ſpace of diffuſion was made 
nearly to vaniſh, and the extreme image 
to coincide with the principal image: q. p. 
Tor the abertation of the rays remote 
from the axis, which would be gauſed 


by the convex glaſs, were counteracted 


by; the a aberrations produced by 5 
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the concave; each. aberration encteaſing 
as the incidence was more remote from 
dhe vertex of the object- glaſs, but {till 
in all parts comprniatng' each other 


very . 


62. But though the error 7 A be 
ricity is much diminiſhed by the con- 
Arudtion of this double objeQ-glaſs, yet 
as the exceſs of refraction is in the con- 
vex lens, the aberration from the geo- 
metric focus cauſed by this lens muſt 


exceed the contrary one produced by 
the concave, and diſturb the diſtinQneſs 


of the image. | 
In order, therefore, entirely to exters 5 


minate this error, and yet to retain the 


5 correction of the diſperſion, Mr. Dolland 
conſtructed a triple object-glaſs, com- 

pounded of a concave encloſed between 0 
two convex lenſes. The ſum of the re. 


; nfo as well as e Pers. of 


the 


5; { 
- 
34 

t 
1 

] 
id 
4 
0 


the two latter was equal to thoſe of 
the convex in the double object· glaſs; "Ho 
the rays, therefore, of the reſpeQtive 
pencils were brought to their proper 


foci, and yet the image was not con- 
| fuſed by the different refrangibility—the 


_ aberration from ſphericity was totally 
removed, becaufe the ſum of the errors 

cauſed by the two convex lenſes was 
much leſs * than the whole error made 
| Fs by 


® The lineal errors ariſing from , 


ate: Tin. . The refraQions of lenſes are 
i © Foc. Jength® 
Lin. Apert. 1 
as the 8 In the caſe before the: apper- 


- tures are given, -- the errors are reciprocally as the 


; ſquares of the focal length — Let the conyex lenſes be 


4, B, and C, — and let the refradtion of A be equal 
to thoſe of B and C together — Let their lineal errors 


from ſphericity be E, e, q, reſpectirely—their focal 
| lengths F, f, Q—If the refraction of A be = 3, and 


that of B 1, that of C will be = 2—-As the apertures Ee 
are given, fg, focal lengths of A, B and 0 C will be re- 5 


8 thoſe numbers. e 
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by the convex (of the double object · 
plaſs) whoſe refraction was only equal 
do theirs, and was completely deſtroyed . 
by the contrary and equal error 0c. | 
caſioned by the ſtructure of tlie con- 
cave placed between them. 

The very accurate adjuſtment of the 
lenſes, the proper proportions of their 
focal lengths, and of the curvatures of 
their ſurfaces. are in a great meaſure to 
be attained by trial, for it is found im- 
poſſible to aſcertain the exact ratio either 
of the mean refractive or of the difperfing 
den in different Kinds of glaſs, as they 


(i e. the error of the firſt 
{| lens will always be to the 
fum of thoſe of the other 
| two, as the ſquite of the 
Whole to the Tum of the 
5 | fquaresofthe parts, i- e. 

always in a ratio of 
TY ; greater . i 


e 
7 ; 
* ; ; . 7 
wa s * 


iy 
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frequently vary even in diſtinC pieces of 


the ſame pot. 


N. B. Notwithſldading the accuracy 
of the triple obje&-glaſs, the loſs of light 


| ſuffered in ſo many refraQtions occaſions. 


frequently a Preference of the double 
one. f 


5 3. Mr. Handen in is ingenious 


letters on the coaſt of Antrim, has 
taken occaſion to remark how much 


the wiſdom of nature has ſurpaſſed the 
ſagacity, and anticipated the invention 
of man, in the admirable ſtructure of 
the human eye. He obſerves that though 


the conſtruction. of the triple achroma- 
tic ohject. glaſs 1 is the utmoſt perfection 


to which our long experience and re- 
ſearch in this ſcience has been able. to 


conduct us, yet the human eye preſents 


an inſtrument ſurprizingly reſembling 
it in its ſtructure, though more perfect 
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im its uſe; a complete achromatic, com- 
| pounded of three lenſes of different 
ſhapes and ſubſtances, correcting as well 

the errors of ſphericity as of refrangi- 
bility, and. adapted to viſtog at various 
diſtances, It may alſe be added, that 
as it has bern found neceſſary to prevent , 
the diſturbance of viſion in teleſcopes 
ariñng from the reflexion of the erratic 
light againſt the ſides. of the tube, by 
blackening them; ſoit is diſcoveredthat 
the ſame inconvenience is guarded” a- 
gainſt in the eye by a black pigment 
ſpread all over thoſe parts of its inſide, 
Which are by their poſition unfit to. re- 
ceive images-of external objects. 5 "nl 
Perhaps it will not be condemned as a 
fanciful purſuit of this s analogy to remark | 
| the correſpondence of the Iris to the 
5 . in beleben Ki is certain that 


85 A ke wt a ee hole Feſt before the . 
Le chal Wes in . 3 
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they 


„ 
tlrey are partly ſemilar in their uſes, fot 


in the teleſcope ſome rays of the oblique 


pericils which have no part in forming 


tlie image would be reflected by the 
| ſites, (notwithſtanding the abforption by 
the blacking) and thus difturb the dif. 


tinctneſs of the i image; and as the e. 
Hop is placed before the principal i image 


to intercept them, fo the Iris intercepts 1 
ſuch rays proceeding through the cornea, ; 
as would be uſeleſs 1 in forming the image | 
at the retina, or would introduce con 
fuſion i into it. | L 


Theſe n ſuggelt a reflec- 


: tion upon the great advantages AY 
a well regulated analhſca of the works ok 

nature may afford, not only to theo- 
retical knowledge, but alſo to many me- 

. chanical operations uſeful to the purpoſes f 


: of life. 


The principal aim of fo many acute 


1 1 2808 a8 heretofore en ed in 
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this ſcience was. the formation of a pers: 
SE EY fect teleſcope. — The chief deſideratum 
i in this undertaking was the conſtruc- 
tion of an object. glaſs which ſhould 
a | form the images of remote objects with. 
1 Th perfect accuracy, and various attempts to 
effect this were made without ſucceſs. * 
—It was long fince known by experi- 
"i ment that the humours of the eye 
== | formed accurate pictures on the retina. 
* If attention had been paid to this phæ- 5 
* nomenon, and cloſe ſcrutiny made into 
Wi its cauſes, it does not ſeem unreaſona · gy 
ble to conclude that the great object of 
o — 85 enquiry bad been protebly much 


- ar A ” 5 


1 8 5 mer ages would have enjoyed "ni — — 
1 fits of this uſeful" invention, to which 
”Y . ey. were total ſtrangers. . 
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61 1 . E uſg 67 the principal eye- | 
| glaſs, a8 before mentioned, is to view 
che laſt image under an angle greater than 
chat in which it can Anger ee to 
the naked eye. oY 

” Additional N have three uſes, 
1, ; erecting the 1 image; 2, enlarging the 
5 field; * correcting the errors as well 
from Tſphericity as diſperſion bene 


by the e eye- -glaſs. „ 
Hs 1, The 


_—_ ww 
"ms * 


Fig 69. 


( 95 ) 5 
1, The firſt method of erecting the 


— — 2 


its own a focal ee and uſually 2 8 
of it —At the focus conjugate to the 
place of the 3 image, the erect image is 


formed: as the extent of the field is 


diminiſhed, while" the diftance of che 


0 8 object. glaſs from the neareſt eye-glaſs ; 


aſtronomical one (where the image is 
FT inverted}. ar than in the common ters. 
refrigl one, (Where the image is erectedt 
e eee 
| therefore, has unrve: 
that above deſcribed. 


4 field 3 18 ; enlarged by the inſertion” of 2 
Re þ Jens yOu. the 1. 


encreaſes, (See Note on Subſ. 50.) 
it is plain that the field is more con. 


tracted in this teleſcope than in the 


: 1 1 
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glaſs and che f image; the refraction of 
this glaſs brings the converging rays 5 


the ſeveral pencils Yooner” t their foci, 
and thus diminimin ng the length of be 


teleſcope, and conſequently the image, it 


diminiſhesthe sert power. but as 


of the more oblique 


peneils "that © 00 never reach an eye- 


laſs of ſufficiently ſmall aperture, it will 


enlarge the number of viſible * in ä 


he obje&;-i e. the field is increaſed, 
In the terrefirial teleſcope two lenſes. 


© (desde thoſe neceſſary for ereQing the 
image, vit. MN and P 2 are uſed for 
her increaſing the field — e. g. if AB be 
an oblique pencil of parallel rays falling 


on an object glaſs YT, after tefraction, 


they would « converge to F, and there the 
firſt image FS would be formed—the 
th ſemi- aperture of MN muſt ' in this caſe f 
| be larger than the image F $=—and a8 
; this lens must 125 very convex for pro- 

ducing | . 


Fig 71. N | 


ff 

ERS, 
\ Ss 
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N. 


100 * 


ducing ſo great a change as is required 
in the direction of the pencil, conſider- 


able errors would ariſe from its great 


+ Vide 


Note, 
P. 103. 


| 


aperture and convexity either this muſt 
enſue, or elſe the field muſt be con- 
tracted ſo as to loſe the pencil AB, &c, 
The neceſſity of this alternative is a» 
voided by placing a lens R V of ſmall 
convexity between the firſt image and | 
the object. glaſs. This reduces the image 

8Fto LO, whereby neither ſo great an 

aperture or convexity is required in the 
Jens MN (nor conſequently in F PO) as 
before ; yet the pencil A Bis retained 1 in 
the field R H is the ſecond real image 


' ſormed by the refraction of PQ the | 


eye-glaſs W. X muſt have alarge aperture 
to keep within the field all the pencils | 


of this image; whence if its magnifying | 
-power be conſiderable great errors will 


ariſe; but by interpoſing the lens U E of _ 
imall Sorrel between the lens P "mY 
| CO and 


6 
and the image R U formed by it, this 
image is reduced to I G, ſtill retaining 


the extreme pencil AB within the field; Fig. 7*: 


i therefore a leſs aperture of W X than 
what was neceſſary before will now ferve 
to view this image. 

It is to be obſerved that the magni- 
brink power is diminifhed-in this con- 
ſtruction, as the image is ſucceſſively 

contracted by the contraction of RV and 
UE; yet the errors being likewiſe leſ- 
ſened (as we ſhall preſently ſee) the prin- 
cipal eye-glaſs may have ſuch a magni- 
fying power as to e the dimi- 
nution of the! _—_ 


66. I „ „The errors g of dilperfon ar 
from the. ey e· glaſs are corrected by ſuch 
an adjuſtment of the additional glaſſes * 
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'* Ifa more : ample explanation of this ix-glaſs teleſ- - 
7 cope (the i inventian of which we owe to Mr. Dolland) be 


deſired, it may be found i in a paper inſerted i in Mr. Lad- 
1 lam's aſtronomica] obſervations. 


ſhall | 
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ſhall als their diſperſing powers mu- 
tually to correct each other ; thoſe ho- 
mogeneous rays that were diſperſed by 
one eyeglaſs being collected or elſe 
made to emerge parallel by the contrary 
refraction of the next glaſs; ſo however 
as to make them emerge from the prin-. 
cipal eye-glaſs parallel to each other, and 
therefore to be collected at the retina by 
0M refracting humours of the eye. 

\ 2, If the neceſſary refraQion" of che 
extreme pencils of the field be performed 
by a ſingle 3 the errors from 8 


An. Lin. Apert.?- * . 
| ſphericity will ral Ln Lage IF 1; it be 


performed by two or more eye glalts of | 
the ſame! aperture, the errors generated ; 
by theſe will be far leſs than that. gene- 


rated by a ſingle one, as may be eaſily 
Fig 71. collected from the note on Subſ. 62— 


till more will the errors be reduced if the. 
. that Gf 8 this re- 
| - fration Th 


3 1 
5 5 * . 
11 
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adio can be Awädied! in their ajet- 5 
ture; but this is done in the ſix-glaſs 
teleſeope of Dolland, Where the inſertion | 
ol che lens RV diminiſhes the aperture 
4 of MN, and therefore * of P Q, and the 
inſertion. of U E reduces the aperture of 
the principal eye- glaſs WX. The errors 

of ſphericity which theſe glaſſes RV and 

DE produce are much leſs than thoſe 
they remove, as from the nature of their 

poſition their apertures Are not large, and 5 
their convexity 1 is inconkiderable, OW 


67. The oſt important improvement {0 
| However in eye-glaſſes we owe to Mr. 1 
„ Ramſden, and he derived his firſt idea of 

bo it from a Phenomenon obſerved by Sir 
ö Newton. —In the chapter of his Lec- 5 

tures Opticæ de luce Per pri 2 ad oculum | 

all : travfin 1 remarks that the colouring 


907 5 — For dete, in terreſtrial, pm are N 
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of objects ſeen through a priſm depends 


tirely uninfected by priſmatic colours — 


following manner: 


near the 'plane-fide of a plano. con Vex 


gent rays were not ſenſibly infected by 


N convex placed nearer to the former than 


on the diſtance of the object from the 
priſm, and that when the object and 
priſm are in eontact, the object is en- 


Mr. Ramſden applied this principle to 
correct the errors of the Cart in the | 


At the focus of an eat glaſs per- 
fectly achromatic he let the image fall 


lens—the lens having the ſame effect | 
= on the image as the priſm in Newton's - 
A experiment had on the object, the emer - 


priſmatic colours, and were made to pro. 
Ceed to the eye Parallel by a ſmall plano- 


8 its own focal length 1 155 its plane ſide 5 
| being 15 


41 8 Py rays aficr paſſing the” Grlt SR 5 
diverge from the imaginary image C D, which is 


more 


a 


„ 1000 
| being turned to the eye, 0 00 be gene- 
rated by it; but whatever errors, whe · 
Ty ther of ſphericity or diſperſion, were oc- 
| caſioned by the diſtance of the image 
from the larger plano- convex, or by the 
refraction of the ſmaller (though they, 
muſt be very inconſiderable) might be 
corrected by conſtruQing the object glaſs 5 
10 as to admit aberrations equal to theſe, 
but in contrary directions. to take place 
in the } 1mage. 
The reaſon - why the image is ; not | 
placed directly on the plane fide of the 
lens A, is, that in this caſe any dirt or 
motes on the interior eye-glaſs will be 
ſeen diſtinétly and magnified, as being 


. A "I the laws 1 50 than the real image E F, 18 
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68. 1 15 H E impediments to the viſion 
of - very near objects ariſe from too 
great a divergence of the rays in each 
pencil incident on the eye, and are re- 
medied by the microſcope. © T . This inſtru. 
ment is 'of two kings: 315 , refrading 5 and 
2, reflefling. 

- "Fe e microſcope i 18 either, 1 PE 
"Gingle, or 2, compound; the former is a 
; nt deuble convex lens of a ſhort focal 


length; 
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of Mack; the dhe is placed! in its . 
by which diſpoſition the rays of each 
pencil emerging from the lens become | 
parallel, and ſo are brought to their re- 3 
Fe. 73. ſpective foct on the retina by the humours | 
of the eye: the magnifying power of the 
Inftrumen} appears from hence. 
The apparent lineal magnitude of an N 
object ſeen with this inſtrument, is ro E 
its lineal magnitude ſeen with the naked | | | 
eye, as the leaſt diſtance that admits of | 
diſtin& viſion with the naked eye, tothe. 5 
focal length of the lens; for theſe mag- 38 
nitudes are as, the angles under which - | | 
the object appears*, 1. e. 5 as the 


diſtances at which it is viewed. . 8 
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ge fo ſubtended by the wh at the foal keageh of the | 
lens. 
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b 0 « corare ſpetalui NU 4 polnt O in 

iſtaüce from the vertex 
. greater than the focal length of the 
concave, is the place far the object, 
Fig , 5. whoſe image will. conſequently dem, 
point 
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N. B. B. The object is illuminsted by 
light admitted into the tube through 4 
ſpace PR adjoining to the ſpeculum 3 9 
and the illuſtration of the object may be 
rendered more intenſe by a concave pe. 
culum A B, which ſhall reflect the light | 
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” | in the following manner; In the. inſide 
| „ ſeen with this inſtrumene i is to its apparent "magdi= 7 
| tude (m) ſeen by the eye, as D x G V (che diſtance 
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the; object from the yeftex] & G L (the Heal diſtanes 
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and at a diſtance à little greater than 
its focal length, but leſs than double of 
it, is fixed ſome tranſparent coloured 

object QP. Woſe image wWilche paint: 
ediniuch; clarged at the locus konjugate 


tothe place of che object A broad lens 


CD, is placed before the object to colle& _ 
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; - with FFI coloured figures/painted 


on it; thele- being illuminated by the 
candle in the lanthorn, and placed in an 


inverted poſition, their images will by . 


painted erect, and magnified at M, the 
focus conjugate to Po is clear from 
the principles hergtofore letnonſtrated. 


The HMufination © of the objects u 


ſtrengthened by collecting the rays with | 


the poncayveſpecyliy XY, of the conver 
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73, A {lar t idefrape. is the fame with. 


a al 3 one, 


diſtance of the eye · glaſs from. the focus of 
the object: -glaſs i is made ſo: 


chan i Its focal length, Ke By this means the 
ſmall j image of the ſun, formed. in the 


focus of che obj eQ-glaſs, is projected much 
enlarged, on a wall placed at 3 proper dife 


tance behind. the eye-glak ; bY and thus 
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74. The camera Gun an inſtru 


of proſpects It is oaſtrucked in the 5 
. following P— — 
rig. 98. K C repreſents a box of about a FA it 
= lt a half ſquare;' ſhut on every ſide 
5 except DC; OP is a ſmaller box placed Me 
on the top of. the greater; M N is a 
double convex. lens, whoſe. axis makes 5 
an angle of 450 o with BL, a plane mirror 
fixed in the box OP; the focal * : 
the ] lens! is nearly equal toC 8 18 T, i 
- from the middle of the mirror, and of 
| the middle of the! mirror r from the e bot. 
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dhe rays being intercepted by the mirror 
will form the biekure as fat before the 5 


L 1 | Subd. ſurface as the focus it 1s behind it“, + i. e. at 15 


. bottom of the larger box—la com- Po 


munication. a made between the "5 
. "© 1 


ag 6.4% * 


ment uſed to facilitate the delineation 5 


to the ſum of the diſtances of the — 5 


Wii toward the * — would form % 5 
a picture of it, nearly : at its focus ; 3. but 1 
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boxes by the vacant ſpace QO)—The . 0 
draughtſman then putting his head and ; 


3.3931 7 


hands i into the box through! the open tide | 

3. C, and drawing a curtain round to 
1 prevent | the admiſſion of the fight, why ch 
would diſturb the operation, may ba 5 


diſtinct outline of the picture that £1 : 


5 "TIF 


Pears o on the bottom of the © box. PE 


* 2% 5 $ 


N 5. There is 0 lind of eee . 
F this, - conſtructed thus. In the ex- F 
tremity of the arm P Os that: extends 
from the fide of a ſmall ſquare box BL, Fig. . 
is placed a double convex lens whoſe axis 
s inclined in an angle of 45 to a plane 
| mirror B O: The focal length of the 
lens is equal to its diſtance from the 
ſide of the box QT; therefore. When 
the lens is turned towards the illumi. ; 
naated proſpect it would project the image 
on the ſide O T, if the mirror were re- 
moved, but this will reflect the i image to 
the 19 M Ly which. is ag far diſtant 
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ted into 0 different colours, and theſe 15 
therefore are exhibited to an eye Proper- 


| ly placed to receive them. 


That this is the true account of the | 
formation of the rainbow, appear from 5 
the following conſiderations : En, 1 05 

1. That a bow is never ſeen but when 
rain is falling and the ſun ſhining at th 
ſame time, and that the ſun and bow 
are always in oppoſite quarters of the 
heavens. This every! one's Pee can 
teſtify, : 
2. That the ſame appearance can be 

artificially repreſented by means of water 
thrown into the air, when the ſpeQator : 
is placed in a proper poſition with his 
| back turned to the Ws” "SW | 
will ſhew tie a ee 

3. That its bemalla as above a6! „ 

65 ſcribed can be clearly explained from 

the N of light 1 demen- 
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This 1 aal proceed to ew i in 20 9 55 
| gull a manner as the. e of this 
tract will allow. - e 
Let AB be a drop of water, Per 
C Da pencil of folar rays: incident there. Fig. 80. 
on; if all the rays of any one colour, e. g. 
red, belonging to che pencil CD, be re-. 
95 fracted to the ſame point G, and thence 
 refleQed, they ſhall fall on the ſpace R 
with the ſame obliquity and at che fame | 
diſtances from each other as the re- 
fracted rays if proceeding backward 
from G would fall on the ſpace T S 
but theſe at their refraction would 6 
OY merge into T D, cs, Ke. parallel to 
each other; „the rays GR, 8 Q, ſhall” 
emerge from the drop parallel to each 
: other—and therefore will enter an eye 5 
properly placed copiouſſy enough 8 
cauſe a ſenſation; a red colour ſhall there · 7 
7 fore appear in the direction of theſe rays, . 
by 1 ſo of e if Gs in 1 5 
1 5 1. 
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8 1) the ref racted rays do not meet in the 
ſame point, the reſlected rays I V, P Qs, 
will not fall on the ſurface at the ſame, 
. diſtance from each other. that P T and 
418 though their obliquity to the 
ſurface be equal to that of the latter 
ON the refracted rays ſhall emerge, di- 


verging from each other, and conſe-: 


_ quently. ſhall not enter the eye. capt. . 


ouſly enough . to cauſe a DN of 
their oolour. < 
It is plain that where the rays "of any: : 
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